Objective: To investigate the efficacy, safety, and dose response of three doses of ibandronate, given intermittently by intravenous (IV) injection every three months, in preventing postmenopausal osteoporosis. Patients and methods: 629 postmenopausal women, categorised according to time since menopause and baseline lumbar spine (L1-4) bone mineral density (BMD), were enrolled into a multicentre, double blind, placebo controlled trial. They were randomly allocated to receive IV ibandronate 0.5 mg, 1 mg or 2 mg, or placebo every three months. All women received daily calcium supplementation.
O steoporosis is a progressive systemic disease that causes the skeleton to become susceptible to fractures. 1 2 As osteoporotic fractures are associated with significant morbidity and mortality, 3 4 this disease has important implications for public health. 5 Consequently, its prevention might be of considerable socioeconomic benefit.
The risk-benefit profile from the use of combined oestrogen plus progestin among healthy postmenopausal women is not consistent with the requirements for primary prevention of chronic diseases. 6 Thus, hormone replacement therapy is of limited value in the long term strategy to prevent or delay postmenopausal bone loss. Selective oestrogen receptor modulators are promising alternatives. 7 However, additional effective, well tolerated and convenient agents to prevent postmenopausal osteoporosis would be of considerable value.
Oral bisphosphonates are widely used in the treatment of postmenopausal osteoporosis and may be important in its prevention. [8] [9] [10] [11] However, despite their proven efficacy, conventional daily bisphosphonates must be given in accordance with stringent dosing recommendations. 10 12-15 Depending on the frequency of dosing, these requirements may be inconvenient for some patients, with the potential to impair long term compliance and thereby jeopardise efficacy. 16 To overcome these limitations, a number of alternative dosing options and schedules are being explored. 17 Less frequent bisphosphonate dosing schedules increase patient convenience and are likely to have a positive impact on patients' willingness to comply with bisphosphonate administration. 18 19 Intermittent intravenous (IV) administration has the advantages of less frequent administration and, in addition, avoids the problems of reduced bioavailability and upper gastrointestinal adverse events. These benefits might promote long term compliance and so optimise patient management.
Ibandronate is a highly potent nitrogen containing bisphosphonate. Oral and IV dosing regimens of ibandronate are under investigation for both the treatment and prevention of postmenopausal osteoporosis. [20] [21] [22] [23] [24] [25] [26] Trials conducted in women with postmenopausal osteoporosis, and a study in patients with corticosteroid induced osteoporosis, have shown that IV ibandronate 2 mg injections given every three months markedly increase spinal and hip bone mineral density (BMD), and significantly suppress the rate of bone turnover. 20 27 Reassuringly, clinical trials have established that intermittent IV ibandronate injections are well tolerated. [22] [23] [24] [25] [26] [27] [28] To date, however, no studies have investigated intermittent IV use of a bisphosphonate in the prevention of postmenopausal osteoporosis.
This phase II/III study, therefore, aimed at investigating the efficacy and safety of three doses (0.5 mg, 1 mg, and 2 mg) of ibandronate, given every three months by IV injection.
PATIENTS AND METHODS

Patients
Eligible women were postmenopausal (1-10 years since last menstruation) and were recruited from centres in Norway, Russia, and the Czech Republic. Main exclusion criteria were Abbreviations: BMD, bone mineral density; CTX, C-telopeptide; ITT, intention to treat; IV, intravenous a mean BMD T score of the lumbar spine (L1-4) <−2.5 SD; osteoporotic fracture(s); hysterectomy and/or ovariectomy; diseases, disorders, or treatment within the past six months with other drugs known to influence bone metabolism; previous treatment with bisphosphonates; fluoride treatment within the past 12 months or for a total duration of >2 years; any other investigational drug within 30 days of the first dose of the study drug; renal impairment (serum creatinine >210 µmol/l); contraindications to calcium treatment; hyper-or hypocalcaemia (>2.6 or <2.0 mmol/l).
The women were assigned to one of four strata according to their lumbar spine BMD T score at baseline, and their time since menopause: (A) >−1 and 1-3 years; (B) <−1 and >−2.5 and 1-3 years; (C) >-1 and >3 years; (D) <−1 and >-2.5 and >3 years. The stratification for time since menopause was chosen in order to investigate specifically the transient acceleration of bone loss immediately after the menopause. Stratification for BMD at baseline was performed in order to detect any difference in the loss of bone mass in patients with osteopenia as compared with patients without.
The study was conducted in adherence to local drug regulation, guidelines on good clinical practice, and the principles of the Declaration of Helsinki. The ethics committee or institutional review board of the participating centres approved the study, and all the women provided written informed consent.
Study design and interventions
The study was multicentre, double blind, placebo controlled, stratified, and randomised, with four parallel treatment groups in each stratum. Although the study was planned to last for two years, it was stopped at 12 months because the results of the IV ibandronate pivotal phase III fracture study 24 had recently become available. This showed that ibandronate 0.5 mg and 1 mg every three months produced a suboptimal reduction in fracture rate. However, the results from a follow up study of ibandronate IV injection given every three months 27 proved the greater efficacy of a higher 2 mg dose, as used in the present study.
Within each of the four strata, the women were randomly allocated to four parallel treatment groups to receive either placebo or ibandronate at a dose of 0.5 mg, 1.0 mg, or 2.0 mg given as IV injections every three months. All women received 500 mg oral calcium supplements daily.
The women underwent a screening visit not more than one month before randomisation. Eligible women were randomised and treatment was dispensed at the start of the study when baseline information, including BMD, was collected. Subsequent visits took place at one week, and at months 1, 2, 3, 6, 9, and 12. In addition to the screening and baseline visits, BMD was measured at months 6 and 12. Laboratory assessments for safety (haematology; serum electrolyte concentrations; measures of hepatic and renal function; 25-hydroxyvitamin D) were done on blood and serum samples at baseline, and at months 3, 6, and 12. Measurements of biochemical markers of bone turnover were scheduled at baseline and each subsequent visit at selected centres.
BMD measurements
BMD measurements were performed using dual energy x ray absorptiometry (Hologic QDR 2000 and 4500) at the lumbar spine (L1-4) and the proximal femur (total hip, femoral neck, and trochanter).
Biochemical markers of bone turnover Serum and urine samples for the measurement of biochemical markers of bone turnover (urinary C-telopeptide of the α chain of type I collagen (CTX/creatinine) and serum C-telopeptide (CTX), bone-specific alkaline phosphatase, osteocalcin, and parathyroid hormone) were collected only at the participating centres in Norway and were analysed centrally by SYNARC, Ballerup, Denmark to maintain blinding. Urinary CTX/creatinine was analysed with the Crosslaps (Osteometer) kit; serum CTX and serum osteocalcin were analysed by Elecsys immunoassays (Roche Diagnostics). The blood samples collected at baseline and on all follow up visits were taken at a similar time of day. Urine samples were collected from the second morning spot urine.
As serum and urine samples were only obtained just before the next drug administration, the measurements of biochemical markers of bone turnover represent residual levels of bone turnover suppression. Data are, therefore, not available on the reductions in bone turnover immediately after each injection.
Study outcomes
The primary efficacy end point was the relative change from baseline in the BMD of the lumbar spine (L1-4) after treatment for one year (changed from the original two years when the study was ended). Secondary efficacy end points were the absolute and relative changes in BMD at the proximal femur (total hip, femoral neck, and trochanter); the change from baseline in rate of bone turnover as shown by the biochemical markers of bone turnover listed above.
Safety end points comprised adverse events; parameters of renal and hepatic function; other laboratory measures, including haematology and serum electrolyte concentrations.
Sample size
It was planned to recruit a total of 600 patients into this trial, with 150 patients in each treatment group (see fig 1 for actual patient recruitment size). This level of recruitment accounted for an expected drop-out rate of about 9% a year, resulting in an evaluable sample size of 112 patients in each treatment group after two years of study.
To enable a more precise estimation of the treatment effects in osteopenic women, the number of patients to be recruited in strata B and D was twice that in strata A and C. For each treatment group, the following sample size for each stratum was planned:
• Stratum A: 25 randomised patients (17 evaluable after two years) • Stratum B: 50 randomised patients (39 evaluable after two years) • Stratum C: 25 randomised patients (17 evaluable after two years) • Stratum D: 50 randomised patients (39 evaluable after two years). In a previous study an increase in lumbar spine BMD of about 4 (SD 3.5)% was observed after one year's treatment with ibandronate. 20 Based on these results, it was expected that the planned strata sample sizes used in our study would allow for clinically significant changes in lumbar spine BMD of 3% relative to placebo after two years of treatment. For strata B and D, a 4% standard deviation of the change in BMD was assumed (α=5% and β=10%). For strata A and C, the assumption was made of a 3% standard deviation of the change (α=5% and β=20%).
Blinding
The investigators, the patients, and the sponsor personnel were all unaware of which treatment was being received. Laboratory parameters were measured centrally and, with the exception of baseline values, no efficacy laboratory data were shown to the investigator. BMD measurements were also analysed centrally. Data collected after the first administration of study drug were not shown to the investigator, other clinic staff, or patients, unless the loss of BMD reached the predefined safety threshold. Women whose BMD during the first year decreased by >8% (as confirmed by two measurements three months apart) were offered alternative active treatment for osteoporosis but were encouraged to stay in the study. Women with symptomatic and radiologically confirmed vertebral fractures were withdrawn from the study.
The treatment code for an individual patient was not to be broken during the trial, unless a serious adverse event occurred for which information about the trial drug was needed for medical management.
Statistical methods
The safety group comprised all randomised patients who had received at least one dose of the study drug. The intention to treat (ITT) population was used for the primary efficacy analysis and included all the patients in the safety group for whom the lumbar spine BMD was measured and evaluable at baseline and at least at one follow up visit. The primary efficacy analysis-that is, analysis of the relative change from baseline in lumbar spine BMD after one year of treatment, followed a set of partial and ordered predefined hypotheses so that the difference in the relative change in lumbar spine BMD after one year between the treatment groups at the same α level of 0.05 could be investigated. The hypotheses postulated that this relative change did not differ between: (a) the placebo and ibandronate 2.0 mg group; (b) the placebo and the ibandronate 1.0 mg group; (c) the placebo and the ibandronate 0.5 mg group. It was expected that these null hypotheses would be rejected. The hypotheses were tested by analysis of variance, with treatment group and stratum as independent variables. The primary analysis of the change in lumbar spine BMD used the last value carried forward method for the one year treatment period. The BMD of all other sites was analysed as for the primary variable.
For biochemical markers of bone turnover, differences in relative change from baseline between treatment groups and placebo were not expected to be normally distributed and, therefore, were tested using Wilcoxon's rank sum test. Figure 1 summarises the overall patient grouping. A total of 629 women were randomly allocated to take part in the study, which took place between May 1998 and May 2000. Two women (one each in the placebo and 2.0 mg ibandronate group) received no study drug; thus 156, 157, 156, and 158 women, respectively, were randomly allocated to receive placebo, 0.5 mg, 1.0 mg and 2.0 mg IV ibandronate. All women randomised, with the exception of the two described above, received at least one dose of the assigned treatment. The safety group thus comprised 627 women. Overall, 28 women were excluded from the ITT population, most of them because of a lack of a follow up BMD measurement; the ITT population therefore comprised 601 women. Table 1 shows the patient distribution by stratum and treatment group in the ITT population. Baseline demographic characteristics, including age, height, weight, time since menopause, BMD T score and 25-hydroxyvitamin D levels were well balanced between treatment groups (table 2), as were biochemical markers of bone turnover. There were no significant differences in previous or current medical history, physical activity, or diet between the groups (data not shown).
RESULTS
Patient disposition and baseline characteristics
Efficacy
BMD
After one year, IV injections of 0.5 mg, 1 mg, and 2 mg ibandronate given every three months produced dose dependent increases in mean (SD) lumbar spine BMD of 1.0 (2.8)%, 1.8 (2.6)%, and 2.5 (2.5)%, respectively, relative to baseline (fig 2) . In contrast, mean lumbar spine BMD decreased in the placebo group (-0.4% (2.4)%), relative to baseline. Notably, all three ibandronate treatment groups produced significantly greater gains in lumbar spine BMD than placebo after 12 months (p<0.0001).
This study was not powered to analyse significance within the strata. Nevertheless, for each stratum, the increase in lumbar spine BMD in all three ibandronate groups was significant (p<0.05) relative to placebo, with the exception of stratum A (p<0.05 only for 2 mg) and B (p<0.05 only for 1 mg and 2 mg) (table 3). The greatest increases in lumbar spine BMD were seen in the osteopenic patients in strata B and D treated with 2 mg ibandronate (table 3). The mean increase in BMD in these two groups was 3.5% and 3.1%, respectively, relative to placebo.
In the total hip and its subregions, changes in BMD were significantly (p<0.05) greater for all ibandronate treatment groups than for the placebo group, after 12 months. BMD of patients in the placebo group decreased in all the subregions analysed (table 4). Of the three doses of ibandronate, 2 mg had the most marked effect after one year, producing BMD increases of 1.7%, 0.9%, and 2.1% at the total hip, femoral neck, and trochanter, respectively. Overall, the largest increases in BMD at the total hip and its subregions were seen in osteopenic patients (strata B and D) treated with 2 mg ibandronate (table 5) .
Biochemical markers of bone turnover
Consistent with its significant effect on spinal and hip BMD, ibandronate produced sustained reductions in biochemical markers of bone turnover. Ibandronate was associated with dose dependent suppression of biochemical markers of bone resorption (serum CTX and urinary CTX/creatinine) throughout the 12 months' treatment ( figs 3A and B) . The two highest doses of ibandronate (1 mg and 2 mg) produced significantly (p<0.05) greater reductions in serum CTX and urinary CTX/creatinine levels versus placebo, after 12 months. Serum CTX and urine CTX/creatinine levels were reduced by 42% and 50%, respectively, for patients treated with 2 mg ibandronate, compared with 9% and 7% for patients receiving placebo, after one year. The decrease in serum CTX was not significantly different across the four strata. However, urinary CTX/creatinine levels declined most markedly in osteopenic patients receiving the 2 mg dose of ibandronate (by 52% and 53% in strata B and D, respectively; data not shown).
Median serum levels of biochemical markers of bone formation (bone-specific alkaline phosphatase and osteocalcin ( fig 3C) were also decreased in a dose dependent manner over the 12 months, with all three doses of ibandronate producing significantly greater suppression than placebo (p<0.05). IV ibandronate 2 mg injections were associated with reductions of 13% and 38%, respectively, in bone-specific alkaline phosphatase and osteocalcin levels; the corresponding reductions for placebo were 2% and 8%, respectively. In all four strata, the most pronounced effects were seen in the 1 mg and 2 mg groups (data not shown).
No significant changes in serum parathyroid hormone levels were seen in the ibandronate groups in comparison with placebo, and no relevant or dose dependent changes in these concentrations were seen across the four strata.
Safety
Ibandronate was well tolerated, with an incidence of adverse events similar to placebo: 75% of patients in the placebo group, and 82-84% in the ibandronate groups had at least one adverse event. Similarly, there were no marked differences in the type or incidence of adverse events between treatment groups with the exception of myalgia, which was reported in 22 (14%), 18 (12%), and 34 (22%) of the patients in the ibandronate 0.5 mg, 1 mg, and 2 mg groups, respectively, and in 7 (4%) of those in the placebo group. The myalgia, which was generally self limiting, reversible, and occurred mainly after the first injection, accounted for the higher proportion of patients treated with ibandronate experiencing drug related adverse events: 19 (12%) in the placebo group versus 48 (30%) of those receiving the highest dose of ibandronate. Myalgia led to withdrawal of 3 (1.9%), 1 (0.6%), and 4 (2.5%) women in the 0.5 mg, 1 mg, and 2 mg ibandronate groups, respectively; no woman in the placebo group withdrew owing to myalgia.
Only one woman (in the 1 mg ibandronate group) had a serious adverse event that was considered drug related. She had a history of recurrent muscle pain and was withdrawn from the study because of musculoskeletal chest pain, which resolved within four days after the drug was stopped.
No clinically significant changes in laboratory parameters, including those of renal function, were seen during the study in any of the treatment groups.
DISCUSSION
Although hormone replacement therapy, selective oestrogen receptor modulators, and oral daily bisphosphonates have been registered for the prevention of postmenopausal osteoporosis, their potential limitations indicate a need for alternative forms of pharmacological treatment. In this study, one year of treatment with ibandronate at a dose of 0.5, 1.0, or 2.0 mg given intermittently as an IV injection every three months produced significant and dose dependent increases in the BMD of the lumbar spine, and the total hip and its subregions. The gains in BMD were accompanied by dose related and sustained suppression of biochemical markers of bone resorption (serum CTX and urinary CTX/creatinine) and bone formation (serum osteocalcin and bone-specific alkaline phosphatase).
Of the doses of intermittent IV ibandronate studied, 2 mg was the most effective in preventing bone loss, producing mean BMD gains of 2.5% in the lumbar spine and 1.7% in the total hip. This dose was also the most efficacious in normalising bone turnover. Although there are limitations in comparing results from different clinical trials, it is notable that the effect of 2 mg ibandronate injections on BMD is comparable with the effect seen with other nitrogen containing bisphosphonates, such as alendronate and risedronate, given orally every day to postmenopausal women who did not have osteoporosis. 11 29 After one year of treatment, oral daily alendronate (5 mg 11 ) and oral daily risedronate (5 mg 29 ) produced respective mean lumbar spine BMD increases of 2.7% and 1.3%, relative to baseline, in postmenopausal women without osteoporosis.
The protective effects of ibandronate were seen regardless of BMD at baseline and time since menopause. However, the effect of intermittent IV ibandronate injections was most evident in osteopenic women, as shown by a more pronounced increase in mean BMD at the various sites studied, and a greater suppression of the biochemical markers of bone turnover compared with the non-osteopenic patients. The IV administration of ibandronate was well tolerated at all the doses tested. There were no marked differences in the type or incidence of adverse events between treatment groups, with the exception of myalgia. However, myalgia is a recognised non-specific, early, adverse event of other nitrogen containing bisphosphonates, such as alendronate and zoledronate, when given intravenously, 30 31 and in this study was generally mild, self limiting, and transient. Although myalgia was reported in this study, it is notable that no apparent symptomatic acute phase reaction events were observed in association with IV ibandronate.
In conclusion, this is the first study demonstrating the efficacy and tolerability of intermittent IV injections of a bisphosphonate in preventing bone loss in early postmenopausal women. Intermittent IV ibandronate injections offer the promise of an effective and convenient alternative to oral selective oestrogen receptor modulators and oestrogen replacement therapy for this indication. 
